In Mexico, as in most food producing countries, a complex problem is found in the convergence of a need for a change in the current agro-industrial model for economic, social and environmental reasons and growing food demand. While the existence of strong economic barriers that question the continuity of conventional agribusiness is recognized, it is observed that alternatives such as organic farming have emerged within the same productive and commercial model. Although a sustainability approach broadens the scope of analysis the question is if it consolidates better agricultural practices while supporting decision-making processes and achieving yield goals. Settling previous research results, this paper aims to answer this question through the transposition of theoretical aspects of a case study: a project currently being held in Jalisco, Mexico to promote organic agriculture among maize producers. The exercise provided useful information on results and drawbacks to be expected when applying sustainable principles in the field. It was possible to implement practical actions appropriate to the socio-environmental context that matched economic goals of local farmers, improved soil quality and decreased environmental impacts and external dependence of rural Mexican communities. Nevertheless, the lack of trust between farmers and public institutions, skepticism towards change, the prevalence of immediacy and uncertainty of resource allocation make it hard to achieve any progress questioning whether results can be maintained long-term to facilitate the transition of agroecosystems towards a more sustainable future.
INTRODUCTION
Described as the ability to meet present needs without compromising the ones of the future [1] , sustainability has become an important pillar when facing development issues. Therefore, searching for means to help the integration of sustainability into the processes that can lead to real-world actions seems coherent. By this means, sustainable principles can become a common base to keep empowering actions towards more consistent decisions, policies and a more balanced development.
However, while its level of inclusion in discourse and theory is quite broad, sustainability as a discipline still needs to reinforce its operational side. There is a lack of consensus on the definition and practice of sustainability, which shows contradictions between its conceptual and normative conception. The latter refers to the interdisciplinary and diverse conceptualization of sustainability in contrast to its more reductionist predictive statistical practice [2] .
The above has a dual effect: in one hand it gives a broader spectrum of sustainability to be applied in different fields and with a transdisciplinary scope [3, 4] ; in the other, makes it harder to get solid results and therefore to be considered a scientific approach [5, 6] . This is strongly related to the challenge of consolidating knowledge at the same time that decision-making processes are enabled [2] . Here is considered that contrasting the principles of sustainability with a case study is relevant to observe the consistency (or the lack of) between sustainability theory and practice.
In Mexico, as in most food producing countries, a complex problem is found in the need to change cropping practices for economic and social reasons and the consequent need for proposals to address the shortcomings of the current agro-industrial model [7] . In this regard, on one hand the existence of strong economic barriers that question the continuity of the conventional agribusiness is recognized; and on the other, it is observed that alternatives such as organic farming have also emerged within the same productive and commercial model. Either way, the underlying problem is not being addressed. What is here required is a paradigm shift in agricultural production and marketing to one that allows a more equitable distribution of economic resources and a more sustainable use of natural ones.
The latter is embedded in a context that lacks the appropriate measures to boost local development in Mexico. Extra efforts to compel the creation of public spaces and policies are required. Then, through successful local experiences, dynamics can be generated to allocate resources to develop alternatives within a more holistic scope. This will in turn benefit both the environment and the social fabric at local and regional level [7] [8] [9] .
The adoption of the principles of sustainability, agroecology and the common-good in the food production and marketing processes is what will set the tone for a new agribusiness model with the well-being of the majority as a priority rather than the economic benefit of the minority.
Aim and structure
This article focuses on analyzing the practical implementation of sustainability principles in promoting a transition towards a local organic agriculture to answer the challenges of agriculture in the Mexican context. After the introduction, the second unit focuses on describing the problem; a third unit shows the methodology implemented in the project; the fourth unit is dedicated to the achieved and expected results, and a final one deals with conclusions.
2 AGRICULTURE CONTEXT AND CHALLENGES Drastic land use changes have occurred in the past 40 years in grain producing countries such as Mexico, and have come with severe consequences being deforestation and land degradation for manure and grains of the most important [10, 11] . Even though every single modification of the natural environment means losing its original characteristics, it has been the adoption of a monoculture agribusiness model what has caused the rapid devastation of agroecosystems in the country (Photograph 1). This has caused a deep impact in society (rising poverty, concentration of resources and the means of production, rural exodus, etc.) and in the environment (soil degradation, water source pollution, biodiversity losses, increased vulnerability of ecosystems, etc.).
The so-called "green revolution" of the 70s -though its roots can be traced back to 1943 -was carried with the aim of increasing field production through the search of high yielding varieties (HYV) and intensive agriculture [12] .
However, as pointed out by different researchers, it has resulted in effects such as the loss of genetic biodiversity, soil impoverishment, increased agrochemical pollution, health issues among the rural population on the rise, among others [10] . Paradoxically the productivity of this whole system is questioned when considering its high dependence on external technologies, the cost of inputs and its negative effects on human health and the environment [8, 9, 13] .
Due to the implementation of this massive food production system agroindustry is now consolidated worldwide prioritizing markets, technologies and knowledge at global scale over local ones.
Maize
In the world, the production of maize has been increased by more than 100% over the last 20 years. In 2013 1.018 million tons were produced globally, more than doubling the 467 million tons produced in 1993. It is the third most produced crop in the world, and 50% of it is produced in the American Continent [14] .
Maize gains even more importance in Mexico, where it is the most important crop both in volume as in planted area [15] . Regarding maize, Mexico is fourth in production, fifth in seed production and second in imports with more than 10 million tons per year, placing the country as one of the main consumers of this grain [16] . It is worth mentioning that Mexico is self-sufficient in white maize destined mainly for human consumption, but highly deficient in yellow maize destined for industrial uses and feeding cattle, importing 90% of its final consumption [15] .
Maize is the basic grain of the national diet and a cornerstone in the cultural identity of the Mexican people in general and of indigenous people in particular [7, 13, 17] . Mexico counts with 64 different varieties of maize, it is recognized as the country with more genetic diversity and therefore, as the cradle of this grain [18, 19] .
Taking this into account is quite clear that consequences of implementing monoculture production of maize are most evident in Mexico, where biological diversity and intangible heritage are to be maintained. Hence, incorporating more sustainable practices in agriculture by adapting methods to the local context, recovering traditional practices and developing techniques according to the social and natural environment is suitable and much needed.
The latter is more relevant considering the great difficulties of making compatible the feeding needs of a growing population with the urgency of mitigating impacts to the environment, where the adapting capacity must be strengthened within a context of socioeconomic crisis and climate change [9, 10, [20] [21] [22] [23] .
Photograph 1: Maize monoculture Jalisco, Mexico. Every sign shows chemical inputs and/ or modified seeds used in the field. Prepared by the author.
Organic farming
Defined as a production system based on maximizing the use of natural resources that are present in crop lands, organic agriculture goes beyond prohibiting agrochemicals. It seeks to maintain (and even enhance) fertility and biological activities of the soil without using synthetic inputs and, whilst minimizing the use of non-renewable resources. All is meant to reduce the impact of agricultural activities on both the natural environment and human health [24] . Agricultural organic land has been constantly rising worldwide for several decades going from 11 million hectares in 1999 to 43,1 in 2013. The organic food market has also grown, especially since 2002 and unlike the rest of the food market, has continued to grow regardless the global economic downturn [25] .
While consumption and market of organic products is largely concentrated in the countries of the global north (mainly U.S.A. and E.U.) developing countries concentrate 80% of all organic producers. Latin America is first in total organic agricultural land with 6,6 million ha. But if considered as the share of total agricultural land, this changes. For example, Argentina is number one in the area with 3.2 Mha and Mexico ranks sixth with only 0.5 Mha. As a share of total agricultural land Argentina goes to the ninth place with 2.3% and Mexico to number seven with the same percentage [26] . As observed, this consideration almost erases the difference between the two countries, but what these data are revealing is how little relevance organic farming still has in Latin American countries.
The Mexican context
Mexico has 501.364 ha (2013 data) of organic agricultural land, reaching the 2.27% of the total agricultural land. After Greece, it is the second country with the highest annual increase reaching a 32.8% growth from 2011 to 2012 (366.904 ha in 2011). In the 2012-2013 period, this decreased to a 2,9% corresponding to one of the flash points of the world economic crisis. Mexico is also the country with the largest number of organic producers in Latin America (169.000 in 2013) and third worldwide [25, 26] .
The main organic produced crop is coffee, as befits one of the leading countries in producing and exporting organic coffee, representing 35% of the total organic production. Even so, in relation to other countries, Mexico has a diverse production highlighting avocado, citrus, honey, tropical fruits and vegetables in general [27] .
Even so, as in most food producing countries, organic agriculture in Mexico has been oriented to export benefitting large-scale producers. From the total organic production of the country, 85% is exported, mainly to the United States [27] .
The use and production of organic inputs are a viable option for increasing the profitability of crops, especially considering that market prices are higher than those of conventional products. However, this applies only to products certified as organic and this process involves high costs in time and money [8, 9] . Also to be noted, changing the productive system is not something farmers can do overnight. It is a process of transition that involves many boundaries to overcome.
The farmer perspective
One of the biggest challenges for small and medium farmers in Mexico is the rising prices of conventional inputs exacerbated by the financial market situation. Most of them (80%) being imported goods and with the peso devaluation, conventional inputs are more expensive with an increase from 30% to 50% [28] . The decreasing effectiveness of these inputs is added creating a loop effect when applied periodically, generating negative effects on human and environmental health. Today, farmers are firsthand watching how the effects of continued use of such inputs are seriously increasing. In addition, commercializing companies operate under a market-oriented logic that often goes against the interests of local producers [13, 17, 29] .
Some common opinions of Mexican maize farmers (with less than 20 ha) include that though organic farming is a trend for the future and only for exported high profitable crops. The current organic certification mechanism is foreign to them. They are also no longer searching for higher yields, but for higher profitability, applying new inputs only if they are well-warranted and/or involve lower costs. They express a need for more economic incentives and subsidies especially because of the market volatility but also because of skepticism towards change. There is also a lack of trust towards public institutions and local farmer organizations because of corruption cases occurred in the near past [30] .
Therefore, organic farming must go beyond simply replacing supplies if the target is to involve medium and small farmers. Aspects such as the dependence on the exterior, agriculture based on monocultures, impositions of foreign markets (such as certificates) and other issues as water stress, should be considered. Otherwise, the progress of local agro-ecosystems in terms of sustainability and resilience will be quite limited as seen in Baja California, where organic farms have been increasing, overexploiting aquifers and seriously compromising the water sustainability of the region [31] . This is primarily due to conventional agribusiness itself that for merely economic reasons, have promoted the use of organic inputs under the same standards of transnational corporations [9, 13] . Even Monsanto (2015) declares in its web page that counts with "conservation agriculture" products and methods, promoting low hazard herbicides that respect the environmental biodiversity.
The latter is embedded in an institutional context that has not been able to fully cover what rural communities truly request. An inclusive approach to address socioeconomic and environmental challenges faced by local producers is still missing [8, 32, 33] . This implies creating spaces for designing public policies that do address the shortcomings of the agribusiness model that still prevails in development plans at national and state level in Mexico, which are permeated by the private interests and neoliberal principles that have guided the government's actions over the last 30 years [17, 34, 35] .
METHODS
The project "Organic farming promotion and development for grain producers in the state of Jalisco", an object of the present research, focuses on enhancing the transition towards organic production of basic crops to the Mexican diet in Jalisco, Mexico. The work is mainly with groups of maize producers. Being recognized as the place of origin of maize, it is assumed as a well-adapted crop to the climatic and the natural environment of Mexico [18] . In concrete, Jalisco has the orographic characteristics needed to develop diverse cropping activities. Specifically, maize is found in this territory a favorable environment for its development reason why it is the most important crop in the state [12] .
The focus is placed in organizations of medium-scale producers (between 5 and 20 ha). This is because these producers have resources of their own and interest because they are personally involved in their crop lands. Medium-scale producers also have an important function on shaking the dynamic of other farmers in the region and since the project has a clear interest in reconstructing the social fabric of rural communities, has placed among them its core activities.
As a transition process, the first goal is to reduce production costs. Therefore, even though the price of commercialized products will remain the same, the direct cost-benefit relation will be more favorable to the farmers. Other important benefits will be obtained, such as improving the soil quality, reducing environmental impacts and diminishing dependence with the exterior [11, 18, 29] . These factors will considerably improve the agricultural land conditions that future generations will inherit.
Study area
Jalisco is located in western Mexico (Map 1) and bordered by 7 other states and by the Pacific Ocean to the west. It has an area of 80.137 square kilometers and 68% of the territory has temperate humid weather with summer rains. The average annual temperature is 20.5°C and has 850 mm average annual total precipitation. Jalisco is settled in an area where different weathers converge because its territory includes tropical and subtropical regions appropriate of the southern hemisphere as well as temperate and cold regions of the northern hemisphere. Also, three of the four most important mountains of the country come together in Jalisco: Sierra Madre Occidental, Eje Neovolcánico Transversal and Sierra Madre del Sur, in addition to valleys and 351 km of coastline. This endows great ecological diversity highlighting biodiversity, ranking sixth at national level. Maximum altitude is 4,260 meters and the lowest is at sea level. Several bodies of water are found too accounting for 15% of Mexico's inland waters, like the Lerma-Santiago River and its tributaries, the Chapala Lake and the Peña Cajon dam [19] .
Jalisco is second only to the state of Sinaloa in maize production in the country [36] . However, ranks first in rain-fed crops thanks to precipitation and weather which endows greater sustainability for not depending on expensive irrigation systems or external sources of water.
The project started on July 2014 and was launched aiming to promote directly with farmers a process of transformation from an agrochemical based agriculture to an organic one at local Map 1: Jalisco in Mexico. Adapted from https://www.google.es/maps level framed in the principles of agroecology [9, 37] . Participant producers belong to the following organizations (Map 2):
• The Ejido Union Exlaguna de Magdalena in the municipality of Etzatlán.
• The society of rural production (SPR for its Spanish acronym) "Hacienda Los Godinez" in the municipalities of La Barca and Jamay.
• Two groups of the Teocuitatlán de Corona municipality.
Diagnosis
At first, not so favorable comments arise between small and medium farmers when considering organic agriculture as an answer to the problems they face. This is because the closest references lead immediately to elitist markets that impose different requirements involving costly investments and complicated procedures that are beyond the reach of most producers who operate at small and medium scale [8, 9] .
But today organic farming must be placed far from a fad among elite producers and consumers around the world to be identified as a necessity for the people [30] . The proof is found in producers themselves pointing out the need to change as they directly observe the negative effects of the continued agrochemical application in soil quality and health of the population. Therefore, one of the goals is solving this problem by providing producers with the basic technical elements enabling them to develop their own organic inputs with local resources. This is an important part of the basic principles of agroecology [13, 34] . By doing so, an immediate double effect is generated: in one hand, environmental pollution levels and the exposure of workers to chemicals will considerably decrease; in the other, community resilience is increased and the capacities of the local population are strengthened, decreasing its external dependence [9, 10, 18] . of Jalisco (SEDER, Spanish acronym) joined forces to enhance transition towards organic farming.
The proposal was made and entirely driven by Campo Orgánico Empresarial. It was filed to the SEDER searching for financial support because "it is responsible for promoting the agricultural, fishery, aquaculture and agro-industrial development; as well as the integrated and sustainable rural development of the State of Jalisco" [38] .
In a broad sense, it is meant to produce food free from synthetic inputs and/or chemicals that can be harmful to the health of the population in general and in particular for direct workers [39] . This would create positive influences for local consumers to easily access a healthier diet. The environment in the region would be favored with reduced agriculture impacts, improved water quality and increased soil microbiota and minerals. The latter is of major importance for the serious problems of soil nitrification and filtration of chemicals to aquifers in the region due to cropping activities [11, 20] .
Specific objectives
The project is carried out through four strategic lines that shape the action plan ( Fig. 1) : a participatory diagnosis, advisory sessions, training sessions and a final participatory evaluation. The first two steps have already been done with training sessions currently taking place while participatory evaluation is yet to be done.
Through the participatory diagnosis, firsthand information on the current situation is collected. Capacities and projection of each group are identified as well as the profile of leaders in the group, the opinion of farmers on changing cropping methods, directors-producerstechnicians relationships, productive and technological issues, and existing local expertise in organic farming transition to adapt following activities to each context.
In the advisory sessions, most appropriate alternatives for each group are displayed, using organic ingredients available on the market and produced by national companies. Costs are reduced and production processes become more efficient, but the final goal is that farmers take ownership of their management and application.
Training sessions are meant to make accessible the concept of organic farming for rural population, emphasizing the importance of locally developing human capabilities. Input pro- duction will begin in these events under the "learning by doing" method, which strengthens social participation and rebuilds social capital.
Final evaluation consists of a document endorsed by participant producers to be a guideline for future stages of the process. The goal is to allow adapting the action plan for dissemination.
RESULTS & DISCUSSION
Each producer personally determined the surface allocated to transition towards organic farming. Organic inputs were tested according to the proportions in Table 1 .
Achieved results
Actions developed in the area destined to organic farming transition (Fig. 2) , regardless the percentage of total area that represents, started with a process of soil recovery. This included fertilizing with humified and mineralized organic matter and reducing by half chemical fertilization. Then, bio-enzymes were applied in the leaves of plants to nourish them and fight some pests, especially in early development stages. Finally, a custom non-chemical control of pests and diseases was established to match the characteristics of each agricultural ecosystem.
After two years, the main results are the reduction of total costs in 20% and the elimination of half the chemical inputs applied. Of especial importance is the abandonment of broad-spectrum non-selective herbicides and insecticides. The use of urea was substituted with organic inputs in 50% in comparison with conventional cropping system which is translated into cutting by half the risk of eutrophication and other impacts such as ammonia and nitrous oxide emissions [16] . Soils have been enriched considerably with organic matter and minerals decreasing compaction, salinity and acidity. These results were observed on-site through simple empirical tests and monitoring. For example, soil compaction was hand measured to check its porosity in each period, before and after incorporating organic matter.
Expected results
Having provided the necessary technical elements to the groups, in the medium term it is intended to build production systems of organic inputs or "bio-factories". These systems enable producers to locally develop the organic inputs needed for each crop using their own natural and economic resources. For implementation, strong advising and training actions of organizations are needed as well as sharing of farmer-to-farmer experiences. Economic viability may be simply verified considering that installing a bio-factory with 500ha supplying capacity (considering operating expenses and costs in Mexico) profits are obtained in one year. Just chemical fertilization requirements for the same 500ha amount to more than 100.000€ [36] , and being substituted with organic inputs from the bio-factory it is clear that the project brings significant economic benefits for local producers.
The production of solid and liquid organic fertilizers, green manure from native plants, mineral and manure bio-enzymes, as well as bio-control of pests and diseases, are the main functions of the bio-factories. They also help restore the balance of minerals and organic matter of soils and allow the use of raw materials from crop residues and underused local resources, such as manure, minerals, herbs and/or natural repellents (garlic, onion, chili, etc.) with the consequent reduction of costs [11, 20, 29, 40] . In addition, control of production processes is given to local producers creating employment in the communities, increasing their self-sufficiency and their ability to adapt to changes [9, 18] . Autonomy of rural communities will increase by generating added value in the region.
Actions are expected to be carried out by each group through inclusive practices and participatory processes to upgrade rural areas through strengthening family bonds [30] . This will be achieved through diversifying productive activities at local level and developing rural social enterprises (cooperatives), helping slow down migration and field abandonment processes that favor family disintegration and impoverishment of rural societies in Mexico.
Local production of organic inputs through a gradual process based on the availability of natural and economic resources will be complemented with the remaining 40% of inputs that cannot be produced locally for their high technical and infrastructure requirements, such as the reproduction of fungi, bacteria and other beneficial organisms.
Discussion
Limited economic resources prevented us from carrying out chemical analysis of soils. This hampered the possibility of monitoring chemical composition and therefore more solid results were not achieved. Instead, empirical tests based on direct observation and unstructured interviews with farmers were made and contrasted throughout the process.
The most important drawback was the mismatch between public administration deadlines and crop stages that rely on seasonal changes, especially when it comes to rainfed crops. This translated into significant delays and hindered the development of the action plan. Also, generated a negative effect on the farmers as highlighted by technical staff from Campo Orgánico Empresarial, because uncertainty setbacks their involvement in the project and prevented them from completely leaving the use of chemical inputs. Instead of this, they mixed organic and chemical ones, mainly because they expect more guaranties on the outcomes, and are skeptic towards drastic changes, especially on plague control issues.
However, achieved results imply that if the project carries on with special emphasis on training and caring more for accompanying the producer along the crop stages, success of the project can be expected.
CONCLUSIONS
Providing profitable alternative for maize farmers is mandatory against the rural backdrop in Mexico. Being maize the main crop in Mexico and Jalisco the largest producer of rain fed maize in the country the project "Organic farming promotion and development for grain producers in the state of Jalisco" is considered a key action for achieving rural sustainability at regional and national scale.
In this first stage, research focused on describing and evaluating achieved and expected results by contrasting them with agroecology and sustainability guidelines. I considered that the more included these principles are, the more likely to it is to achieve success for sustainability related actions.
This paper made clear that positive outcomes can be expected from applying sustainability principles and that these are not limited to improving the environment, but that actual economic and social benefits are possible. Emphasizing on local communities, their ability to experiment, implement and evaluate innovations in agricultural production systems increases the width of positive outcomes from public investment in agriculture. Crop management technologies and methods that can be locally applied while promoting natural diversity and social integration, underline that if searching to generate more opportunities for rural population, any action in this area should take into account the development of social capital and the principles of agroecology. The importance of this fact is highlighted in the current scenario that prevails in the country where the complex social, economic and political problems that have occurred (especially) over the past 15 years, have equally damaged the social fabric, the function of public institutions and the environment.
Research as well as the project, were limited by time and economic resources so carrying chemical soil analysis was not possible. The latter impeded getting tangible data on how actions made really impacted the soil composition and biological activities. If future research allows this, it will enable to deepen the analysis and to assess its effects even at early stages.
Some setbacks were also identified. The immediacy of agricultural seasons and cropping stages including natural conditions prevents farmers from waiting public administration deadlines and periods. This means that farmers cannot wait for programs to be accepted and resources to be liberated to continue their activities and much needed technical advice arrives late, having to adapt original actions to what farmers already made. This was identified as the main reason why farmers did not leave their transition cropland area totally free from chemical inputs. Also, mistrust between farmers and public administration, but even among themselves is an important obstacle to overcome though some progress was achieved by working in groups and through participative approaches.
Further research is needed in order to assess how the project actually impacts the compound between local society and the environment. This can be done through implementing and evaluating three fundamental aspects: a tool of analysis composed of theoretical principles and integrated assessment of sustainability; how the implementation of this tool contributes to strengthening the operational capacity of the sustainable approach and if enhances decision-making; and finally the extent to which the project achieved its objectives in terms of grounding sustainability and locally strengthening natural and social capital.
